UNCLASSIFIED 


Defense  Technical  Information  Center 
Compilation  Part  Notice 

ADPO 11675 

TITLE:  Resonant  Response  of  Chiro-Ferrite  Media  Under  FMR  and 
Chiro-FMR  Conditions 

DISTRIBUTION:  Approved  for  public  release,  distribution  unlimited 


This  paper  is  part  of  the  following  report: 

TITLE:  International  Conference  on  Electromagnetics  of  Complex  Media 
[8th],  Held  in  Lisbon,  Portugal  on  27-29  September  2000.  Bianisotropics 
2000 

To  order  the  complete  compilation  report,  use:  ADA398724 

The  component  part  is  provided  here  to  allow  users  access  to  individually  authored  sections 
of  proceedings,  annals,  symposia,  etc.  However,  the  component  should  be  considered  within 
the  context  of  the  overall  compilation  report  and  not  as  a stand-alone  technical  report. 

The  following  component  part  numbers  comprise  the  compilation  report: 

ADP01 1588  thru  ADP01 1680 


UNCLASSIFIED 


397 

Resonant  Response  of  Chiro-Ferrite  Media 
under  FMR  and  Chiro-FMR  Conditions 

G.  Kraftmakher,  Y.  Kazantsev,  and  A.  Kozyrkov 

* Institute  of  Radioengineering  and  Electronics 
Russian  Academy  of  Sciences 

11,  Mokhovaya  str.,  103907,  Moscow,  Russia 
Fax:  (095)2038414;  E-mail:  vsolosin@ms.ire.rssi.ru 

Abstract 

We  present  here  the  experimental  results  about  some  features  of  the  microwave  resonant  'effects 
which  can  be  excited  in  chiro-ferrite  media  under  a constant  magnetic  field.  These  results  are 
obtained  from  the  measurement  of  the  transmission,  reflection  and  absorption  coefficients  in 
rectangular  waveguides,  using  cylindrical  samples  of  many  isolated  oriented  multistart  helices  with 
ferrite  core  inside.  Here  we  show  that  in  the  case  of  the  FMR  excitation  the  resonant  effects  are 
displayed  as  two  coupled  resonances  (the  main  chiral  resonance  and  the  FMR),  which  interfere 
with  each  other.  If  the  conditions  of  the  Chiro-FMR  excitation  are  fulfilled,  the  chiral  resonance  is 
controlled  in  a limited  frequency  band.  For  a certain  value  of  the  constant  magnetic  field  the  Chiro- 
FMR  experiences  bifurcation  with  large  frequency  separation,  which  can  be  more  than  one  order 
larger  than  the  chiral  resonance  width.  The  reflection  anti-resonance  and  absorption  decrease  are 
observed  under  bifurcation.  The  resonant  response  to  governing  magnetic  field  depends  essentially 
on  the  ferrite  concentration. 

1.  Introduction 

As  it  was  shown  in  [1],  the  chiro-ferrite  composite  media,  which  combine  the  properties  of  chiral  and 
ferrite  components,  are  considerably  more  complicated  than  originally  envisioned. 

Indeed,  the  resonant  effects  are  specific.  Even  the  well-known  ferromagnetic  resonance  (FMR), 
resonant  interaction  of  the  microwave  magnetic  field  with  a magnetized  ferrite,  is  unusual  because  of 
the  influence  of  the  chiral  resonance  (ChR).  Chiro-FMR  is 
the  resonant  interaction  of  the  magnetic  moment  of  a chiral 
inclusion  (induced  by  the  microwave  fields)  with  a 
magnetized  ferrite.  Chiro-FMR  is  unique  as  it  excited  only 
in  chiro-ferrite  media.  In  our  previous  works  [2,3]  we 
investigated  the  excitation  conditions  and  the  possibility  to  Fttrite  core  ($  0.5  mm) 

separately  observe  FMR  and  Chiro-FMR,  using  cylindrical 
samples  with  oriented  multistart  helical  structures  with 
ferrite  core  inside.  Here  we  use  similar  samples.  The 
samples  (Figure  1)  were  made,  rolling  a piece  of  material  Fig.  1 

with  parallel  copper  (tungsten)  threads  to  helical  tube 

around  the  O-axis.  Each  of  the  threads  forms  the  isolated  helix,  and  one-dimensional  chiral  medium  of 
many  oriented  multistart  helices  (much  less  than  wavelength)  with  common  O-axis  is  created.  When 
’ we  add  ferrite  core  inside  helical  tube,  the  chiro-ferrite  is  formed. 

2.  Chiro-FMR 

* 

The  Chiro-FMR  features  are  investigated  in  rectangular  waveguides  for  two  cases  of  chiral  resonance 
excitation.  The  first  case  is  H-excitation,  when  the  microwave  magnetic  field  h is  parallel  to  the  O- 
axis,  and  the  resonant  losses  are  displayed  as  magnetic  losses.  The  second  case  is  E-excitation,  when 
the  microwave  electric  field  E is  parallel  to  the  O-axis  of  helices,  and  the  resonant  losses  are 
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displayed  as  dielectric  losses.  To  observe  the  Chiro-FMR  it  is  necessary  to  apply  the  constant 
magnetic  field  H0  perpendicular  to  the  O-axis 

Figure  2 shows  evolution  of  frequency  dependencies  of  Transmission  (a)  and  Reflection  (b) 
with  variations  of  the  constant  magnetic  field  in  the  case  of  H-excitation.  We  see  that  main  chiral 
resonance  moves  away  from  the  primary  resonant  frequency  to  high  frequencies,  and  its  intensity  (the 
resonance  level)  decreases.  Under  a certain  value  of  the  constant  magnetic  field  (H%  = 3200  Oe)  the 
Chiro-FMR  experiences  bifurcation,  and  two  identical  weak  resonances  can  be  observed:  previous 
first  resonance  at  high  frequency  and  a new,  second  resonance.  The  second  resonance  appears  at  low 
frequency  about  a primary  resonance  and  moves  to  the  primary  frequency  with  increasing  intensity, 
while  the  first  resonance  continues  to  weak  and  becomes  invisible  at  all.  It  is  observed  coexistence  of 
two  resonances  in  a limited  area  of  a constant  magnetic  field  about  the  bifurcation  field:  Hcoex  - Hs± 
200  Oe.  Under  bifurcation  we  see  a deep  minimum  of  the  Reflection  resonance  instead  of  traditional 
maximum  (anti-resonance  in  presence  of  absorption). 

In  Figures  3 and  4,  dependencies  of  resonance  intensity  (Fig.  3a),  resonance  frequency  (Fig. 
3b),  and  resonant  absorption  (Fig.  4)  on  the  constant  magnetic  field  H0  are  demonstrated  in  the  form 
of  two  branches  connected  with  both  the  first  resonance  (before  bifurcation)  and  the  second  resonance 
(under  bifurcation  and  after  it).  In  Figure  3b,  frequency  dependence  of  the  FMR  for  single  ferrite  core 
(without  the  chiral  sample,  but  in  Chiro-FMR  geometry,  H0  ± to  the  core  axis  and  H0  J-  to  the  h-field) 
is  presented  also.  Analyzing  frequency  dependencies  of  the  Chiro-FMR  and  the  FMR  (Fig.  3b),  one 
can  note  the  correlation  between  bifurcation  field  (Z/B  = 3200  Oe)  and  the  FMR  field  of  single  ferrite 
at  the  frequency  equal  to  the  primary  chiral  resonance, /=  10,4  GHz  at  H0  = 0. 

3.  FMR 

The  FMR  features  are  investigated  in  the  case  of  E-excitation,  when  one  can  observe  separately  the 
FMR  under  Ho  -L  to  the  h-field  (||  to  the  O-axis).  In  Figure  5 we  illustrate  the  frequency  dependence  of 
Transmission  at  different  values  of  the  constant  magnetic  field  H0.  When  H0  = 0,  only  chiral  resonance 
(ChR)  is  observed.  Applying  a constant  magnetic  field,  the  FMR  is  excited  and  moves  to  high 
frequencies.  Till  frequencies  of  the  FMR  and  the  ChR  are  far  from  each  other,  influence  of  ChR  on 
FMR  is  very  weak.  When  the  FMR  is  near  the  ChR,  two  coupled  resonances  and  interaction  between 
them  are  observed,  as  Figure  6 confirms.  When  the  FMR  approaches  the  ChR,  its  intensity  decreases 
while  ChR  intensifies.  Next,  increasing  the  constant  magnetic  field,  we  observe  intensification  of  the 
FMR  and  decrease  of  the  ChR  intensity  (Fig.  6a).  Frequency  shift  of  ChR  caused  by  the  FMR 
influence  is  weak,  as  Figure  6(b)  shows. 

4.  Conclusion 

The  Chiro-FMR  Features 

1.  Controlled  ChR  in  limited  frequency  band. 

Strong  frequency  shift. 

2.  Bifurcation  effect,  coexistence  of  two 
resonances.  Decrease  of  resonant  absorption. 

3.  Correlation  between  bifurcation  and  FMR 
fields. 

4.  Influence  of  ferrite  concentration  on 
frequency  band. 
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The  FMR  Features 

1.  Two  resonances:  main  ChR  and  moving 
FMR. 

2.  Interaction  between  FMR  and  ChR  near  the 
main  resonance  frequency. 

3.  Weak  frequency  shift  of  ChR. 
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Fig.  2 Chiro-FMR  - Evolution  of  frequency  dependences  with  variations  of  the  constant  magnetic 
field  H0  (H-excitation):  (a)  Transmission;  (b)  Reflection;  (c)  Bifurcation  of  transmission 
resonance  and  reflection  anti-resonance  by  Ho  = 3200  Oe. 


a)  b) 


Fig.  3 Chiro-FMR:  (a)  Resonance  intensity  of  transmission  (reflection)  /T  (/r);  (b)  Resonance 
frequencies. 
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Fig.  4 Chiro-FMR:  Magnetic  resonant  losses 
Nm  and  dielectric  resonant  losses  Nd. 


Fig.  5 Moving  FMR  and  main  chiral  resonance 
(ChR)  with  variations  of  the  constant 
magnetic  field  H0. 
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Fig.  6 FMR-conditions,  FMR  and  ChR:  (a)  Resonance  intensities  of  transmission;  (b)  Resonance 
frequencies. 
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Fig.  7 Influence  of  ferrite  concentration  F\  and  F2  on  ChR  under  FMR  and  Chiro-FMR:  (a)  ChR 

intensities  of  transmission  under  FMR  and  Chiro-FMR;  (b)  ChR  frequencies  under  FMR  and 
Chiro-FMR. 


V* 


